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Abstract 
The waveguide Windows used in most of the high power microwave Tubes are of different types, namely the 
rectangular single block window, the multilayer window and the thin disc pillbox window. In this paper, the design 
of all the three types of windows is carried out in the X-band frequency. The design of the single block window has 
been carried out with inductive, capacitive and resonant type of irises to find their suitability for window applications. 
The results obtained from the equivalent circuit have been compared with that of results from the Electromagnetic 
software HFSS and presented for all the RF windows.
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1. INTRODUCTION 
A wave guide window is a passive device which serves to isolate the high vacuum inside the device from the 
atmospheric pressure outside, while allowing electromagnetic energy to pass through the structure without significant 
degradation. The ideal window should have low power absorption, high transmission, high mechanical strength, and 
high thermal conductivity and should be able to hold the desired vacuum level of the tube. Windows can be used in 
many possible configurations in vacuum tubes depending on the bandwidth and power handling capability for various 
applications. In this paper, we are comparing a few waveguide windows used in high power Traveling wave Tubes 
(TWTs) which is essentially a wide band amplifier suitable for the transmitter in advanced radars and communication 
satellites due to their high power handling capacity, low weight and high efficiency. TWT consists of an electron gun, 
an interaction structure, a collector, a magnetic focusing structure, RF couplers and windows. The RF windows are 
mainly used as a vacuum barrier and its desirable features are: low reflection coefficient, low insertion loss, high 
power handling capacity5. For high power tubes, three different types of window configuration are generally used: the 
rectangular single block window7, the multilayer windowand the thin disc pillbox window1. The rectangular single 
block windows are rugged and have excellent transmission over a narrow band, whereas, the multilayer window and 
pillbox windows give broadband performance.  
Material choice is very important when designing a microwave window due to the ultra-high vacuum environment. 
Materials like CVD diamond, Alumina, Beryllium oxide; sapphire4 and Quartz are mostly used in RF windows. In 
this paper, the ceramic window using Alumina (dielectric constant = 9.2) ceramic is analyzed due to its mechanical 
strength, low cost and ease of fabrication. All the three windows are designed using the equivalent circuit approach1
using MATLAB code and is presented in the X- band frequency. In the case of the rectangular single block window, 
the bandwidth can be increased by the use of iris in the waveguide. The iris can be inductive, capacitive and resonant. 
In this paper, the design of single block window with all the different types of iris has been carried out to finalize the 
types of iris that can be used with the single block window. 
The results obtained from equivalent circuit for all the windows have been compared with that of simulation results 
obtained from the 3 Dimensional Electromagnetic simulation software High Frequency Structure Simulator (HFSS) 
which uses Finite Element Method (FEM). 
2. THEORY 
2.1. Rectangular Single Block Window 
Inserting a half wavelength dielectric plug into waveguide may make a simple pressuring window for narrow band 
operation. The window is narrow band due to the large impedance mismatch between the two waveguides. If the iris 
or other matching elements are added then the window can be made into a filter with a good bandwidth enhancement 
while the thickness of the dielectric plug can be made thinner.  
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Fig.1. Equivalent circuit representation of waveguide window configuration
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The admittance at each section is computed as, 
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T1he reflection co-efficient and VSWR are written as8 
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Anequivalent circuit model is established based on transmission line model. The geometry is divided into two regions 
of length l1 for dielectric thickness, l2 the distance from the dielectric disc to the discontinuity region. the admittance 
at each section is computed. And then the final VSWR is obtained from the transmission and reflection coefficients. 
2.1.1. Rectangular Single Block Window with Inductive Iris
A diaphragm in waveguide is an aperture in a thin metal diaphragm that extends transversely across the guide. In 
the inductive diaphragm the aperture extends completely across the guide, the edges being parallel to the electric field 
vector for the lowest mode. The distance between the dielectric and the discontinuity is approximately given as 
                   and Iris width = d = a/2.Where λg is guide wavelength of rectangular waveguide, λ is free space 
wavelength, a  is broad wall dimension, b is height of the rectangular waveguide. 
Equivalent reactance6 of inductive iris can be written as,  
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B= Equivalent susceptance of the discontinuity 
Y= Characteristics admittances 
=1θ Electrical length of dielectric= 1lβ=
=2θ Electrical length of iris 2lβ=
220
202
01 tan
tan
θ
θ
−
−
− +
+
=
n
n
n jYY
jYYYY
131
113
12 tan
tan
θ
θ
−
−
−
+
+
=
n
n
n jYY
jYY
YY
240
204
03 tan
tan
θ
θ
−
−
−
+
+
=
n
n
n jYY
jYY
YY
jBYYn +=− 04
(6) 
¸¸¹
·
¨¨©
§
+=
442
1 λλg
246   Latha Christie and Sritama Dutta /  Procedia Computer Science  93 ( 2016 )  243 – 250 
Fig.2. Schematic diagram of window with inductive iris    Fig.3. Schematic diagram of window with capacitive iris  
(l1=1 mm l2=18 mm d=13.8 mm)     (l1=1 mm l2= 6 mm d=3 mm)  
          
2.1.2. Rectangular Single Block Window with Capacitive Iris 
The capacitive waveguide is made by inserting horizontal bars along the widths of the waveguides. As the waveguide 
fundamental mode has its electric field in the vertical direction so the iris gap produces high field gradient.Iris height 
= d = b/2. The distance between the dielectric and the discontinuity is same as that of inductive iris. 
Equivalent susceptance [6] of capacitive iris can be written as
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2.1.3. Rectangular Single Block Window with Resonant Iris 
The resonant type window can be made to transmit a sufficiently wide range of frequencies. The window and iris 
assembly is considered as a filter. 
Iris height = d = b/4 
Iris width = D = 2a/3 
Equivalent susceptanceof capacitive iris can be written as, 
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a= Broad dimension of rectangular waveguide= 22.86 mm 
b=Narrow dimension of rectangular waveguide= 10.16 mm 
d (for Inductive iris)= Iris width  
d (for Capacitive and resonant iris)= Iris height  
D (for resonant iris)= Iris width  
l1= Length of dielectric 
l2= Distance between dielectric and iris 
t1= Thickness of middle dielectric slab in multilayer window 
t2=Thickness of side dielectric slab in multilayer window 
D (for pillbox window)= Diameter of circular waveguide of pillbox window 
l1 (for pillbox window) = length of each side of circular waveguide (without dielectric)
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  2.2. Multilayer window 
A multilayer waveguide window is demonstrated to exhibit high transmission for applications in high-frequency 
Microwave Tubes. The main advantage of this multilayered window is of simple geometry. The basic design is 
obtained by considering the thickness of each layer as quarter of dielectric filled guided wavelength. The side dielectric 
here is considered CVD Diamond with relative permittivity=3.5. 
2.3. Pillbox window 
Fig.6. Schematic diagram of pillbox window (D=26 mm l2=1 mm l1=4.35 mm) 
        A pillbox window consists of a thin ceramic disc mounted at the centre of a short section of a circular wave-
guide, which in turn is terminated at its ends in sections of a standard rectangular wave-guide. The rf design of the 
pillbox window begins with the specification of the rectangular wave-guide and operating bandwidth for specified 
value of minimum VSWR (typically <1.25) and is carried out by modelling it as a five element low pass filter in a π-
configuration following the procedure of Perelman1. The standard X-band wave-guide (WR-90) is the terminating 
wave-guide at both ends of the window. The diameter D of the circular wave-guide is chosen based on the impedance 
matching criteria between the dominant TE11 mode of the circular waveguide and TE10 mode on the rectangular 
waveguide and is given by the relation D = 1.1723a.A small program with amaximum ripple2 of 0.01dB, gave the 
values of the circular waveguide length, and ceramic thickness. 
      The susceptance at rectangular waveguide to circular waveguide joint in conventional window where D>a is: 
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3. RESULTS AND DISSCUSSION 
Fig.7. Comparison of results  of inductive window  Fig.8. 3D Model of rectangular window with inductive iris
Fig.4. Schematic diagram of window  with resonant iris                      Fig.5. Schematic diagram of multilayered window  
(D=21 mm d=3 mm l2=6 mm, l1=1 mm)    (t1= 6mm, t2= 4mm) 
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Fig.Fig.9. Comparison of results of capacitive window  Fig.10. 3D Model of rectangular window with capacitive iris
    Fig11. Comparison of resultsof resonant window  Fig.12. 3D Model of rectangular window with resonant iris
Fig13. Comparison of results of single block window with inductive, capacitive and resonant iris
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Fig.14. Comparison of results of multi-layered window  Fig.15.3D Model of multilayer window
Fig.16. Comparison of results of pillbox window  Fig.17. 3D Model of pillbox window
Fig.18. Comparison of results of inductive, multilayered and pillbox window
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All the above windows have been designed in HFSS for a bandwidth of 500 MHz with a center frequency of 10 GHz. 
Initially the windows were designed using the theoretical dimension as stated earlier. Then parametric analysis using 
HFSS was carried out to get the actual dimensions. A comparison of the VSWR characteristics over the bandwidth 
obtained from the equivalent circuit approach and 3D simulation for the waveguide window is carried out. Figures7, 
9 and 11 gives the comparison of VSWR characteristics between equivalent circuit approach and the numerical 
simulation for single block window fitted with inductive, capacitive and resonant irises on both sides. Figure 13 gives 
the comparison of the single block window with all the three irises and we can see that the capacitive iris gives large 
bandwidth. However it cannot be used for very high power windows as the power handling capacity of capacitive 
window is lesser than the inductive iris window. Figure 18 gives the comparison of theVSWR characteristics for 
pillbox window, waveguide block window with inductive iris and multi-layer window respectively. The material for 
window disk is chosen to be alumina due to its low loss properties. This material has a relative permittivity of 9.2 
and a loss tangent of 0.008.
4. CONCLUSION 
      The comparison of VSWR between the results obtained from equivalent circuit modeling and 3D simulation 
using HFSS of the waveguide windows has been carried out and the results are found to be in good match. Compared 
to the 3D simulation data, the average difference across the bandwidth for the analytical results are 8% for waveguide 
block window with inductive iris, 3.8% forwaveguide block window with capacitive iris, 4% forwaveguide block 
window with resonant iris, 3.4% for pillbox window and 4% for multilayered window respectively. Among the three 
types of rectangular single block window with capacitive, inductive and resonant iris configuration, the capacitive 
iris window gives the best result in terms of bandwidth. But the disadvantage of capacitive window is its low peak 
power handling capability. Though inductive window has less bandwidth, it is used for high power window 
applications. And among the capacitive window, multilayered window and pillbox window, pillbox window is found 
to be most suitable window for travelling wave tube applications in terms of bandwidth. 
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